Measuring anxiety-like behaviour in mice has been mostly undertaken using a few classical animal models of anxiety such as the elevated plus-maze, the light/dark choice or the open-field tests. All these procedures are based upon the exposure of subjects to unfamiliar aversive places. Anxiety can also be elicited by a range of threats such as predator exposure. Furthermore, the concepts of 'state' and 'trait' anxiety have been proposed to differentiate anxiety that the subject experiences at a particular moment of time and that is increased by the presence of an anxiogenic stimulus, and anxiety that does not vary from moment to moment and is considered to be an 'enduring feature of an individual'. Thus, when assessing the behaviour of mice, it is necessary to increase the range of behavioural paradigms used, including animal models of 'state' and 'trait' anxiety. In the last few years, many mice with targeted mutations have been generated. Among them some have been proposed as animal models of pathological anxiety, since they display high level of anxiety-related behaviours in classical tests. However, it is important to emphasise that such mice are animal models of a single gene dysfunction, rather than models of anxiety, per se. Inbred strains of mice, such as the BALB/c line, which exhibits spontaneously elevated anxiety appear to be a more suitable model of pathological anxiety.
Introduction
The discovery of benzodiazepines (BZs) in the early sixties and their considerable commercial success in the treatment of anxiety has fueled the development of numerous animal models of anxiety. Unfortunately, because BZs were the only anxiolytic agents marketed at that time, the predictive validity of these initial models has been mainly based on their ability to detect the pharmacological action of BZs. This became evident in the early eighties, when non-BZ anxiolytics, such as the 5-HT 1A receptor partial agonist buspirone, were found inactive in some anxiety tests, in particular conflict procedures. At that time, unconditioned conflict tests such as the elevated plus-maze were developed. Later, a second difficulty appeared, when it became evident that anxiety is not a unitary phenomenon but could be divided in various forms including 'state' and 'trait' anxiety, 'normal' and 'pathological' anxiety. These various forms have been shown to be differentially sensitive to pharmacological challenge. Therefore, when measuring anxiety in animals, it would be useful to have information on the type of anxiety processes which may be involved in a given test. These models are now extensively used not only to predict the clinical efficacy of pharmacological treatments, but also to phenotype the behaviour of transgenic or knockout mice.
The aim of the present paper is to consider animal models of both 'normal' and 'pathological' anxiety. Therefore, we will first give a tentative definition of anxiety, and review the validity criteria of animal models, before presenting animal models of 'normal' and 'pathological' anxiety. Only animal models using mice as subjects will be considered.
Tentative definition of anxiety
Fear and anxiety are here, respectively, defined as the response of a subject to real or potential threats that may impair its homeostasis. This response may include physiological (increase in heart rate, blood pressure etc.), as well as behavioural (inhibition of ongoing behaviours, scanning, avoidance of the source of danger, etc.) parameters. When this response is excessive or maladaptive, it involves 'pathological' anxiety. On a clinical level, the DSM IV [25] describes various forms of anxiety disorders, including phobias, generalised anxiety, post-traumatic stress, panic and obsessive-compulsive disorders.
Validity criteria of an animal model
What is an animal model of a human behavior? According to McKinney, animal models are 'experimental preparations developed in one species for the purpose of studying phenomena occurring in another species' [57] . Kaplan [45] added that a model may be valid if it has the same structure as the human behavior or pathology, that is whenever a relation holds between two elements of the animal model, a corresponding relation may hold between the corresponding elements of the human behavior.
Other authors [58, 84, 90] have proposed additional criteria. According to them, an animal model should fit predictive validity (pharmacological correlation), face validity (isomorphism) and construct validity (homology and similarity of underlying neurobiological mechanisms) to be suitable for research.
Predicti6e 6alidity
Predictive validity implies that the animal model should be sensitive to clinically effective pharmacological agents. Conversely, anxiogenic compounds should elicit opposite effects, while agents that have no effect in the clinic should have no effect in these tests.
It is important to note that this involves that a given model may include both variables that are increased by anxiety as well as variables that are decreased by anxiety. For example, when an animal is confronted with a potent source of danger, it displays increased risk assessment behaviours and decreased exploratory activity. In many cases, only the second category of variables are recorded so that an increase in anxiety can be confounded with a non specific inhibition of activity, such as sedation, ataxia, myorelaxation, pre-ictal prostration or even toxic effects induced by the treatment. Many anxiolytics produce such non specific effects: This is particularly striking with BZs which display marked sedative effects at high doses.
Even if the 'predictive validity' criterion seems satisfactory, its relevance can be questioned. Species differences in pharmacokinetic or pharmacodynamic can be observed. For example, in man an important age-related increase of distribution of diazepam has been described, while this does not occur in the same proportions in rats [85] . Furthermore, tachykinin NK 1 receptor antagonists have been proposed for the treatment of anxiety. However, species differences have been described in the NK 1 receptor pharmacology. For example, the NK 1 receptor antagonist, CP-96 345 has high affinity for the human receptor, but shows low affinity for the rat NK 1 receptor. Furthermore, in the human brain, NK 1 receptors are widely expressed throughout areas involved in the modulation of emotional processes, and there is evidence suggesting that SP is co-expressed with 5-HT, a neurotransmitter involved in anxiety-related processes, whereas co-expression seems to be absent in the rat brain (see [78] ). Therefore, NK 1 receptor ligands may have different anxiety-modulating properties depending on the species.
Face 6alidity
This criterion implies that the anxiety response observed in the animal model should be identical to the behavioural and physiological responses observed in human. This indicates that the expression of a given emotion is supposed to be similar across species. The physiological expression of anxiety (e.g. increase in heart rate, blood pressure, hyperthermia) is a good example. However, as for the behavioural responses, the patterns much vary across species. The behavioural repertoire of mice is of course very different from the human ethogram, which includes the verbal aspect that is absent in rodents. For example, when confronted with a threat, subjects may tend to escape: the consequence of this behaviour is to avoid the source of danger and consequently to preserve their homeostasis. The behavioural responses used to escape may vary across species: fishes may swim, birds may fly, and human may run. In fact, the possibility of an isomorphism between human and animal behaviours has to be placed in the context of the theory of evolution, suggesting that a given pattern may be selected according to its survival value. It is rather important to note here that natural selection operates on the consequences of the behaviour, rather then on the behaviour per se [81] , so that the consequences of the behavioural pattern, rather than the behavioural item per se, may be isomorphic.
Construct 6alidity
This criterion relates to the similarity between the theoretical rationale underlying the animal model and the human behaviour. This requires that the etiology of the anxiety behaviour and the biological factors underlying anxiety may be similar in animals and humans.
This criteria seems easy to fulfill for the psychological factors underlying 'normal' anxiety, as in both species this behaviour is induced by a threatening stimulus. It is evident that the nature of the danger may vary across species but the important point is that it causes a threat for the subject's homeostasis. This is not only true for proximal factors of causation but also for distal factors that can contribute to increase subject's sensibility toward threats. For example, impoverishment of the breeding conditions, deficient maternal care during perinatal period or early maternal separation, may induce an increase in anxiety in the individuals when adult, both in animals and in humans ( [15, 17, 86] ). However, this criterion seems rather difficult to fulfill for pathological anxiety as in most cases (except for post-traumatic stress disorder, a disorder defined by its etiology), the psychological factors underlying the disorder have not been described.
'Normal' anxiety and 'pathological' anxiety
Two rather opposite conceptions have been proposed as to the relationship between the 'normal' and 'pathological' state of a subject. In fact, pathology can be described either as a quantitative variation of a normal state, or as a qualitative variation. According to the first conception, 'pathological' anxiety might be considered as an excess of 'normal' anxiety. The second conception of the relationship between normality and pathology proposes that there is a qualitative, rather than a quantitative variation when passing from the one state to the other. This last conception corroborates that proposed by Canguilhem [16] . In fact, this seems to be the case in anxiety disorders as 'pathological' anxiety rarely includes excess of 'normal' anxiety and as anxiety disorders are not released by the same treatment than 'normal' anxiety.
Mouse models of anxiety
Over the past three decades, a bewildering diversity of tests has been developed which claim face, construct and/or predictive validity as animal models of anxiety disorders (for review, see [73, 89] ). While most of these procedures use rats as subjects, a few of them have been validated with mice. Most of them involve exposure of subjects to external (e.g. cues earlier paired with footshock, bright light, predator) or internal (e.g. drug states) stimuli that are assumed to be capable of inducing anxiety in animals. Since none of these models involves pathological anxiety-related behaviors, Lister has described them as animal models of 'state' anxiety [54] . In such procedures, subjects experience anxiety at a particular moment in time and it is increased by the presence of anxiogenic stimulus. The last few years have seen the emergence of models of 'pathological' anxiety, which are often referred to as 'trait' anxiety tests. Unlike 'state' anxiety, 'trait' anxiety does not vary from moment to moment and is considered to be an enduring feature of an individual. As will be shown below, these models either use rodents that were selected for emotional reactivity or employ receptor knockout mice which exhibit phenotypic changes indicative of increased anxiety.
Mouse models of 'normal' or 'state' anxiety
There are several excellent review articles that have described and discussed extensively these models (see, for example, [54, 73, 79, 84] ). Table 1 gives an overview of the existing mouse models of 'state' anxiety. While the vast majority employ behavioral methods, the type of behavior studied varies considerably. They can be grouped into two main subclasses: the first involves animals' conditioned responses to stressful and often painful events (e.g. exposure to electric footshock); the second includes ethologically based paradigms and involves animals' spontaneous or natural reactions (e.g. flight, avoidance, freezing) to stress stimuli that do not explicitly involve pain or discomfort (e.g. exposure to a novel highly illuminated test chamber or to a predator). The majority of studies using mouse models of 'normal' anxiety employ unconditioned-based procedures. Among these, the elevated plus-maze has become one of the most popular behavioral test for research on anxiety [55, 74] . As pointed out by Rodgers [73] , this popularity is mainly due to practical rather than theoretical reasons, because the elevated plus-maze permits a quick screening of anxiety-modulating drugs or mouse genotypes without training or involvement of complex schedules. Briefly, in this situation, mice generally taken straight from their home cages, will show a pattern of behavior characterized by open-arm avoidance. This tendency is suppressed by anxiolytics and potentiated by anxiogenic agents. Unfortunately, the plus-maze behavior patterns may be influenced by variations in test parameters (e.g. species, housing conditions, time of testing, lighting level, method of scoring) that do not necessarily become clear, even with close scrutiny of published reports [41] . As a result, the vast literature on the elevated plus-maze yielded inconsistent findings. Serotonin (5-HT)-modulating compounds are particularly prone to discrepancies in the plus-maze. For example, a number of research groups have found that selective 5-HT 1A receptor agonists (e.g. 8-OH-DPAT, buspirone) display anxiolytic-like effects in this test [6, 11, 53, 63, 75] , whereas others have reported a lack of activity [80] or even an anxiogenic-like profile [59] . In this context, Rodgers and Johnson [76] have developed and refined an 'ethological' version of the mouse plusmaze that incorporates specific behavioral postures (e.g. risk assessment, head-dipping) together with conventional spatiotemporal measures of open-arm avoidance. Studies using this modified version of the plus-maze showed that risk assessment measures are generally more sensitive to drug effects than are avoidance measures [73] . For example, comparison between BZ and 5-HT 1A anxiolytics revealed differences in anxiolyticlike profiles that may not be detected by conventional scoring. Indeed, while both classes of drugs share the ability to reduce risk assessment, only BZs decrease selectively (i.e. at non motor-impairing doses) open-arm avoidance. Hopefully, the inclusion of ethologicalbased parameters in plus-maze studies may yield more consistent findings than those using the standard version of this test.
Besides the elevated plus-maze, there is a another murine model of 'state' anxiety that uses extensive ethological analysis to generate more comprehensive behavioral profiles following drug treatment, namely the mouse defense test battery (MDTB) [14, 35] . The suggestion has been made many times that defensive behaviors of lower mammals constitute a significant model for understanding human emotional disorders [12] . Defensive behaviors occur in response to a number of threatening stimuli, including predators, attacking conspecifics, and dangerous objects or situations. Such behaviors can readily be studied in wild rats, wild mice or in SWISS mice which show a complete defensive repertoire in response to danger. The MDTB consists of an oval runway based on that used in the Fear Defense Test Battery with rats [13] . However, specific situational and behavioral components of the Anxiety Defense Test Battery, involving reactivity to stimuli associated with potential threat rather than to the actual presence of an approaching predator, are incorporated into the mouse battery. Briefly, the MDTB consists of five tests either associated with potential threat (contextual defense) or the actual presence of an approaching threat (i.e. a rat). These latter focus on changes in flight, risk assessment and defensive threat/ attack behaviors, while the former involves escape attempt responses from the runway cage. Drug experiments demonstrated that anxiolytic compounds generally tend to decrease defensive behaviors. However, it is noteworthy that some responses are specifically or mainly affected by certain drug classes [14, 37] . Thus, BZs decrease risk assessment activities of animals chased by the rat and defensive threat and attack responses, while 5-HT 1A agents mainly affects contextual defense and defensive threat and attack behaviors. In addition, 5-HT reuptake inhibitors and CCK B antagonists have a clearer impact on flight responses than on other defensive reactions. Taken together, these observations suggest that risk assessment, flight, defensive threat/attack and escape attempts probably reflect different aspects of anxiety-related reactions.
A major concern with traditional animal models of 'state' anxiety based on single (mostly spatiotemporal) measures is that they are in most cases unable to discriminate between anxiolysis induced by different classes of anxiolytics (BZs, 5-HT 1A agonists, 5-HT reuptake inhibitors), although clinical findings strongly indicate differential therapeutic efficacy of these agents, according to the anxiety disorder treated. Based on these observations, it is clear that the major advantage of the ethological plus-maze and the MDTB is that they provide models capable of responding to and differentiating anxiolytic drugs of different classes through specific profiles of effect on different measures. This represents a significant improvement over other animal models for evaluating drugs effective against emotional disorders.
Mouse models of 'pathological' or 'trait' anxiety
A review of the literature indicates that nearly thirty new strains of mice have been generated by using gene targeting technology which display a phenotype consistent with increased anxiety (Table 2) . While a few of these phenotypes appear to reflect the known function of the target (e.g. 5-HT 1A receptor, corticotropin-releas- ing factor (CRF), neuropeptide Y) in emotional processes, many others include genes that have not been shown to be involved in anxiety behaviors earlier (e.g. fyn protooncogene, MAS oncogene, tumor necrosis factor-a).
In 1998, Ramboz and colleagues claimed that mice lacking the 5-HT 1A receptor by homologous recombination may represent a valid animal model of anxietyrelated disorder since they showed increased emotionality in the elevated plus-maze test [70] . This finding was confirmed by several other studies which demonstrated that knockout mice lacking the 5-HT 1A receptors display increases in fear-related behaviors in the elevated plus-maze and several other procedures (open-field, stress-induced hyperthermia) [39, 68, 69] . CRF has also been largely the focus of gene targeting in order to generate animals that show increased anxiety, and thus may provide a 'pathological' model of anxiety. For example, it was demonstrated that CRF transgenic mouse lines overexpressing CRF exhibited a behavioral state resembling that produced by anxiety in the elevated plus-maze and the light/dark tests [82] . Moreover, three recent studies reported that male, but not female, CRF 2 receptor-deficient mice exhibit enhanced anxious behavior in several tests of anxiety, including the elevated plus-maze, the light/dark and the open-field tests [3, 22, 48] . Finally, CRF-binding protein-deficient mice were shown to exhibit a significant increase in a fear-related behavior in the elevated plus-maze, open-field and defensive withdrawal tests [46, 71] . The well acknowledged involvement of GABA in the regulation of emotional processes and the anxiety-modulating action of BZ receptor ligands, has led to the development of mice displaying a deficit in the g 2 subunit of the GABA A receptor, which has been shown to be essential in mediating the modulatory actions of BZs. Behavioral observations showed that these mice exhibit anxiogeniclike responses in several models based on the exploration of aversive areas [23, 42] . Studies using pharmacological tools have shown that the neuroactive peptide NPY may play a critical role in anxiety. Indeed, the central infusion of the neuroactive peptide NPY and NPY fragments selective for the Y 1 receptor was demonstrated to elicit anxiolytic-like effects in a variety of tests, whereas the local application of Y 1 receptor antagonists produce the opposite action [32] . On the basis of these findings, several research groups created mutant mice lacking the gene for NPY [4, 67] . Data from behavioral tests revealed that these mice have an anxiogenic-like phenotype.
These genetic animal models of anxiety have at first glance clear advantages over 'state' anxiety models in which baseline levels of anxiety of a 'normal' subject are increased artificially by exposure to aversive stimuli. They may provide a unique opportunity to study human anxiety and emotional disorders. Unfortunately, all these genetic models are based on the deletion of a single gene, and it is now clear that the modulation anxiety processes involves multiple genes. There is no doubt for example that the 5-HT 1A receptor plays a role in anxiety, but it is excessive to describe mice lacking this receptor as 'an animal model of anxiety-related disorder' [70] since it is by far not the only target involved in the regulation of emotional processes. Another problem with these mouse models of 'pathological' anxiety is that the measure of anxiety has been performed in a few tests of anxiety only. Among the 38 references listed in Table 2 , 27 (i.e. 71%) used the elevated plus-maze, and 35 (i.e. 92%) employed exploration tests only. In view of the above concern regarding the elevated plus-maze, experiments with mutant mice in this test require extreme caution when interpreting the data. It is possible that in a few instances, responses exhibited by these mice may relate to behavioral processes unrelated to anxiety. Finally, most of the mutant mice studies have been undertaken using only one genetic background, usually a mixed C57Bl/6 and 129 F2 strain. It would be useful to undertake behavioral studies using more then one strain, for example including a strain exhibiting a high emotionality level and a strain displaying a low emotionality. Indeed, strain differences in emotionality have repeatedly been reported (see next paragraph). Furthermore, most mutant studies used embryonic stem cells from a 129 substrain, and then cross chimaeric animals with C57Bl/6 mice. Homozygous for the targeted mutation are then generated by producing an F2 intercross with a part of the genetic background of 129 and another part of C57Bl/6. In some cases, mutant animals are then backcrossed to 129 or C57Bl/6 for two to five generations, rarely more. Unfortunately, some confounding effects may be related to the 129 substrain genes flanking the target locus which are present in the mutant animal and not in the corresponding wildtype mice (see Gerlai [29] for further details).
The use of strains of mice displaying spontaneously elevated emotionality or mice selected for their high levels of anxiety may circumvent some of the problems encountered with the above-mentioned mutant mouse models. Such animals would exhibit increased anxiety not because of the deletion of a single gene, but because it is an enduring feature of a strain or an individual, probably involving multiple genetic and environmental factors. While several animal models of 'trait' anxiety have been described in rats (e.g. Wistar-Kyoto [31] , Roman line [18] , Sardinian alcohol-preferring [21] ), there is only one mouse strain that has shown consistently higher levels of anxiety when compared with other strains, namely the BALB/c line. For example, Makino et al. [56] demonstrated that BALB/c mice showed strong and long-lasting stretching immediately after their introduction into the open-field, while C57BL/6 and DBA/2 mice never displayed such behavior. Instead, they immediately started to move around. These authors interpreted their findings in terms of 'emotional arousal', with the BALB/c strain being more 'anxious' than the two other lines. Moreover, using several tasks based on exploratory behavior (e.g. the light/dark choice test) we confirmed that BALB/c generally show a more pronounced reluctance to locomote in a novel area than do other inbred (C57BL/6, C3H, CBA, DBA/2, NZB, SJL) and/or outbred (NMRI, Swiss) strains of mice [10, 34] . Interestingly, unlike the other strains, BALB/c mice exhibit strong neophobic reactions when confronted simultaneously with a familiar and a novel compartment in the free-exploration test [33] . Based on the finding that no neurovegetative changes were apparent in mice that had free access to novelty when compared with the modifications induced by situations in which these animals were forced, the free-exploration test can be considered to be devoid of clear anxiogenic stimuli [60] . Consequently, the observation that BALB/c mice display strong neophobic reactions in this procedure indicates that neophobia represents a constant feature of their behavior. The reasons for the differences in the level of fearfulness between BALB/c mice and the other strains remain largely unknown, but certainly include many factors such as life history, test situation or housing conditions. More importantly, these differences may be due to neuroanatomical, neurochemical or genetic factors. For example, it was reported that BALB/c and C57BL/6 mice differ in the density and/or the affinity of BZ receptors [19, 72] . These authors showed that the affinity for BZ receptors is higher in BALB/c than in C57BL/6 mice, whereas the latter strain displays a greater density in BZ receptor sites than the former. However, this particularity is not limited to the BZ receptors. Indeed, electric footshock induces a higher increase in dopaminergic turnover in the prefrontal cortex of BALB/c than in C57Bl/6 mice [40] . Finally, this strain also exhibits some particular features in the sensitivity to anxiolytic agents. Indeed, it has a high sensitivity to the anxiolytic action of BZs [34] and low doses of the BZ receptor antagonist flumazenil induce an anxiolytic-like action in this strain [9] . Furthermore, naloxone, an opioid antagonist, blocks the anxiolytic-like action of BZs in SWISS and C57Bl/6 mice, but not in BALB/c mice, an effect probably related to abnormality in k-opioidergic receptors [1, 5, 8] . These strain differences in the action of pharmacological agents also appear for measures not related to anxiety. For example, when compared with C57Bl/6 mice, the BALB/c strain is very sensitive to the convulsant action of the BZ inverse agonist b-CCM [24] . In the conditioned place preference test, a model relevant for the study of the subjective properties of drugs, amphetamine, a psychostimulant, produced a positive reinforcing effects in C57Bl/6 mice, while the opposite was observed in BALB/c mice [7] . Taken as a whole, these findings with BALB/c mice strongly suggest that this strain may be considered as a realistic model of 'trait' anxiety, which is not only related to one particular target (as observed in targeted mutations), but to abnormalities in various neurotransmitter systems (GABAergic, dopaminergic, opioidergic, etc.).
In conclusion, while animal models of 'state' anxiety remain the mainstay of tests used in studies dealing with emotional processes, models of 'pathological' anxiety, which are in great part based on the use of gene targeting technology, are used increasingly. However, their usefulness as models of anxiety is limited since they are based on the deletion of a single gene, which alone can hardly account for a complex condition such as anxiety. Possibly, the use of inbred 'anxious' mouse strains, which show constant high levels of fearfulness, may provide models of anxiety that have greater face, construct and/or predictive validity than 'state' or single-gene deletion models of anxiety.
